This paper examines the effect of adult literacy program participation on household consumption in Ghana. The adult literacy programs in Ghana are of special interest since they are more comprehensive than standard literacy programs and incorporate many additional topics. We use community fixed effects combined with instrumental variables to account for possible endogenous program placement and self-selection into program participation. For households where none of the adults have completed any formal education we find a substantial, positive and statistically significant effect on household consumption. Our preferred estimate of the effect of participation for households without education is equivalent to a ten percent increase in consumption per adult equivalent. The effects of participation on welfare for other households are smaller and not statistically significant, and become smaller the more educated the household is. We find positive and statistically significant effects of participation on literacy and numeracy rates, although the increases are too small to be the only explanation for the welfare effects. There is also evidence that participants are more likely to engage in market activities and to sell a variety of agricultural goods. Taking account of both direct cost and opportunity cost we argue that the social returns to adult literacy programs are substantial.
Introduction
In a population where many adults cannot read or write, adult literacy programs may be an effective way of improving people's livelihoods since numerous studies have found a positive impact on economic outcomes from literacy and numeracy.
1 Large scale adult literacy programs have, however, generally not lived up to the expectation that they would be a cheap and effective way to educate the adult population. Most programs have performed poorly in terms of enrollment, graduation rates and the long-term literacy of participants. During the 1970s, for example, many programs had efficiency rates of about 12.5 percent with few graduates having stable literacy skills (Abadzi 2003, p. 2) . These experiences lead the World Bank to finance almost no adult literacy programs during the 1980s and to questions in the development community about whether literacy is really necessary for development. A case in point is Venezuela's recent attempt to eliminate illiteracy through the "Misión Robinson" campaign; as shown by Ortega and Rodriguez (2008) there are at best small gains in literacy as a result of the program.
Surprisingly there has been little rigorous analysis of the impact of adult literacy programs on economic outcomes. Existing studies find a beneficial impact for participants who became literate, but suffer from several methodological problems that cast doubts on the validity of the results.
2 First, the samples are small. 3 Second, typically only simple statistics such as the fraction of completers who are able to read and/or do written calculations are reported. Finally, and most importantly, they do not take account of possible endogeneity in program placement and participation decisions. This paper therefore examines the effect of participation in adult literacy programs on the standard of living, measured by household expenditures per adult equivalent, using data from a large household survey from Ghana. As described below, the programs in Ghana are different from other literacy programs in that they take much longer to complete and teach many other topics in addition to literacy. After controlling for the possibilities of endogenous program placement and self-selection into the program we find a substantial and statistically significant effect on consumption for households where no adults have completed any formal education. For other households the effects are smaller in magnitude and not statistically significant. While there are significant effects on literacy and numeracy from participation, these are comparable to what have been found for other literacy programs and hence are likely too small to be the only explanation for the positive effect on welfare. Participation do, however, also lead to households being significantly more likely to be engaged in market activities such as selling agricultural goods.
Adult literacy programs in Ghana have a long history going back to the eighteenth 1 See, for example, Glewwe (1999) , Vijverberg (1999) and Jolliffe (1999) on Ghana, Boissiere, Knight, and Sabot (1985) on Kenya and Tanzania and Moll (1998) on South Africa. For developed countries, examples include Mitra (2002) , Murnane, Willett, and Levy (1995) , Tyler, Murname, and Willett (2000) , Ishikawa and Ryan (2002) , Green and Riddell (2003) , Chiswick, Lee, and Miller (2003) and Dustmann and Fabbri (2003) .
2 See, for example, Carron, Mwiria, and Righa (1989) and Carr-Hill, Kweka, Rusimbi, and Chengelele (1991) 3 In Carron, Mwiria, and Righa (1989) the treatment and control groups are 291 and 66 individuals, respectively. The equivalent numbers from Carr-Hill, Kweka, Rusimbi, and Chengelele (1991) are 272 and 59.
century and were mainly religiously based until after the Second World War. 4 The first national literacy program was introduced in 1948 but collapsed in 1968 after the Nkrumah government's fall in 1966 since it had become closely politically associated with the Nkrumah movement and since the skills taught were often not considered relevant by the participants. In 1987 the Non-Formal Education Division was established in the Ministry of Education to organise and co-ordinate adult literacy programs and other non-formal education. Baseline studies were undertaken to ensure that what is taught would be of immediate use and relevance to participants. Based on the baseline studies 28 main themes covering issues as varied as nutrition, immunization, family planning and traditional and modern farming were identified as important issues and concerns of communities to be addressed in adult literacy programs. The themes can be divided into three broad areas: Social and health issues, income-generation/occupational skills and civic awareness.
5 One of the main features of the program is income generation, which aims at equipping participants with occupational skills appropriate for the area they live in. It takes about 21 months to complete the course and the classes meet two to three times a week for two to three hours each time. For comparison, the Venezulean "Misión Robinson" courses mentioned above last only seven weeks. In most cases there are 20 to 30 participants to an instructor/facilitator.
Estimation Strategy
This section discusses the estimation strategy and the associated potential econometric issues. Denote the outcome of interest for household i by y i and let y i1 be the outcome with participation and y i0 the outcome without participation. Furthermore, let p i be a binary variable equal to one if household i participated in the program and zero if not. We can then describe the outcome of interest by
where x i are other explanatory variables (including a constant) and u i is an error term. The parameter of interest is α, which reflects the effect of participation. The two main econometric issues are the possibility of endogenous program placement and self-selection into program participation. We discuss each in turn. Endogenous program placement refers to the possibility that programs may not be randomly distributed, spatially and/or temporally, throughout the country.
6 While this in itself is not a problem, it does lead to biased estimates if any of the factors that determine program 4 For a more complete description of the history of adult literacy programs and their current function and curriculums see Blunch and Pörtner (2004) .
5 For social and health issues topics include family planning, teenage pregnancy, environmental hygiene, immunization, aids, safe motherhood and child care, drug abuse, traditional medicine, safe drinking water. For income-generation topics include cocoa farming, maize cultivation, dry season farming, basket weaving, animal husbandry, bee-keeping, oil palm cultivation, borrowing money for work, hygienic way of preserving and selling fish, farm extension services, pottery and soap making. Finally, for civic awareness topics include taxation, bush fires, interstate succession law, child labor, chieftaincy, community empowerment and expensive funerals.
6 See discussions in, for example, Rosenzweig and Wolpin (1986) , Pitt, Rosenzweig, and Gibbons (1995) and Angeles, Guilkey, and Mroz (1998) .
placement also influence the outcomes of interest and are unobservable to the researcher. Say that a local administrator is charged with placing literacy programs in his area and that he places them according to his perception of how much "entrepreneurial spirit" there are in the different communities. Given that "entrepreneurial spirit" is also likely to be an unobservable determinant of the outcomes of interest our estimates of the program's effectiveness will be biased if we do not take account of the endogenous program placement.
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Given the constraints that the available data impose the best available option for dealing with endogenous program placement is to use community fixed effects. This effectively removes all community characteristics that might influence both placement and outcomes and if the communities are small enough there will be no bias from endogenous program placement. Using community fixed effects means, however, that the effect of the program is identified purely from the differences between individuals and households within the community. This is also the main downside of using community fixed effects: It becomes harder to address the issue of self-selection into the programs because we cannot use variation between communities.
The two main methods for dealing with possible self-selection into participation are the "ignorability of treatment" approach described by Rosenbaum and Rubin (1983) and instrumental variables (Wooldridge 2002, p. 603) .
8 The "ignorability of treatment" method assumes that, conditional on a set of explanatory variables x, the participation p and the outcomes (y 0 , y 1 ) are independent. This is unlikely to hold here since factors such as the unobservable ability of individuals potentially affect both participation and the outcomes of interest.
9 Hence, we use instrumental variables to deal with self-selection into participation. What is needed are instruments that affect the decision to participate net of the other explanatory variables but are not correlated with the unobservable heterogeneity. The challenge is to find a set of instruments that vary within communities and which do not directly affect the outcome(s) of interest. In the absence of community fixed effects an obvious candidate would be the exposure one has had to the literacy program, measured, for example, by how long the program has been available, but this clearly does not vary within the community. It is, however, likely that different types of individuals and households will respond differently to the introduction of a program. In that case a valid set of instruments is program exposure interacted with exogenous individual or household characteristics. These interactions should have no direct effect on the outcome variables and will not be correlated with unobservables like innate ability. One drawback of the instrumental variables approach is, however, that what we identify is the effect of participation among those for whom the instruments affect the decision to participate. We discuss our choice of instruments in more detail below.
As discussed by Wooldridge (2002, Chapter 18, p. 621-625 ) the effect of participation 7 The direction of the bias depends on how the omitted variable(s) affect the placement decision and the outcome(s) of interest. If the most "entrepreneurial" communities get the programs first and also do better in terms of the outcome variables then the estimates of the program's effectiveness will be biased upward.
8 This is obviously a simplification as can be seen from the review of methods in Ribar (2003) .
9 Imagine that someone with higher ability face a higher return to participation than somebody with lower ability and that higher ability people also do better in terms of the outcome(s) of interest. In this case the predicted effect of participation will be biased upward if we do not take account of self-selection into the program.
can be estimated under relatively relaxed conditions using a modified two-stage method. The first stage estimates the determinants of the participation decision. In the second stage the consumption equation is estimated by IV using the predicted probabilities from the first stage and x, which includes all other explanatory variables and an intercept, as instruments. An attractive feature of this approach is that the results are robust even if the participation equation is not correctly specified.
Data
The Ghana Living Standards Survey (GLSS) is a nationally representative stratified multipurpose household survey collected in 1987, 1988, 1991 and 1998 , consisting of a household survey, a community survey covering the rural areas and a price survey. We use the most recent of these (GLSS 4) here.
The household part of the GLSS contains modules ranging from education and health to migration, credit and assets. For our purposes, the most important modules are the education and household expenditure modules. The education module includes information on educational attainment, participation in adult literacy courses and literacy and numeracy proficiency (reading and writing in a Ghanaian language, English reading and writing and ability to do written calculations). The module on household expenditures includes information on food and non-food expenditures, where the former is additionally decomposed into frequently and less frequently purchased items. From the community questionnaire we use information whether there is or has been an adult literacy program in the community and if so, for how long.
GLSS 4 employed a two-stage sampling design. Out of the available enumeration areas 300 were chosen in the first stage with a probability based on the size of the EA in the 1984 Census. In the second stage 20 households were selected from each of the chosen enumeration areas, yielding a total of 5,998 households and 24,611 individuals. We drop 13,145 individuals who are less than 18 years of age, since our focus is on adult literacy and participation in adult literacy programs. Furthermore, we drop 529 adults who are either not family members (hired help or tenants) or are household members who do not fulfill the GLSS's definition of being present and therefore had no information collected about them, leaving 12,737 adults. Of these, 253 have missing information about their schooling and/or their participation in adult literacy programs. Since there is only information on adult literacy programs in the community survey and the community survey was only done in rural areas we drop all 4,613 individuals who live in urban areas. An additional 38 individuals are dropped because there was no information about the household head in the survey and 124 individuals are dropped because of inconsistent or unusable age and/or education data.
A number of enumeration areas had multiple communities within them and the enumerators were supposed to note which households belonged to which communities. Unfortunately, this did not happen for the vast majority of the areas.
10 As mentioned above we rely on community fixed effects to counter any potential bias from endogenous program placement and to avoid problems for this approach we drop all enumeration areas that covered more than one community, which leads to 987 individuals being dropped.
11 This ensures that enumeration area fixed effects are exactly the same as community fixed effects. On average an enumeration area covers less than 18 km 2 (or just less than 7 square miles), which means that it is in principle possible to walk from one end to the other in a little over one hour without too much effort. The 1984 population census had a total of 13,012 enumeration areas and even though enumeration areas were likely bigger in rural areas than in urban areas most houses in rural areas tend to be clustered in communities close to roads, paths or water sources.
12 Hence, we are confident that any bias from possible endogenous program placement within an enumeration area will be negligible. After dropping these observations our base sample consists of 6,713 adults from 3,219 households living in 166 communities. Hence, there are just over 40 individuals and just below 20 households within each community.
Variables
Tables 1 and 2 present the descriptive statistics for the sample of individuals and the sample of households, respectively. The variables are divided into dependent, individual, household and instrumental variables. The four variables that are treated as dependent or endogenous variables are attendance in an adult literacy program, log of per adult equivalent expenditure and literacy and numeracy. This section presents the variables for the base sample and the associated basic descriptive statistics. The following section examines the descriptive statistics for program partipation, welfare, literacy and numeracy in more detail.
Information on participation in adult literacy programs comes from the Education section of the GLSS 4 which includes the question: "Has (NAME) ever attended a literacy course?"
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All individuals who answer yes are coded one and the rest zero. Households where at least one adult member answers yes are coded one and those where nobody has participated are coded zero. For the base sample about 11 percent of all individuals have participated in an adult literacy program, while 20 percent of the households have at least one member who have attended.
We use household expenditures per year as our measure of household welfare. As is often discussed in poverty analyses, not all household members require the same level of consumption; children and adults, for example, have different caloric requirements. We therefore use an adult-equivalent corrected measure of consumption, where different types of household members are assigned different weights depending on their age and sex, and total consumption is divided by the sum of these weights.
14 Henceforth, when we refer to welfare, 11 Of the 997 individuals dropped because of this, 233 live in enumeration areas where some communities have a literacy program and some do not, 360 live in enumeration areas where the program has not been available the same number of years in different communities and the remainder are dropped simply because the community survey states that there are multiple communities within the enumeration area.
12 The enumeration areas are described in more detail in Central Bureau of Statistics [Ghana] (1984) and had to be small enough to be handled by an enumerator covering all households in one day. In 1984 the average population of an enumeration area was 1000 in urban areas and 700 in rural areas (Central Bureau of Statistics [Ghana] 1984, p. 7).
13 Note that there is unfortunately no information about whether the individual has finished the course or when participation took place.
14 The results for the per-capita consumption measure are available on request from the authors. They are consumption or expenditures this should be taken to mean per adult equivalent expenditures per year. Consumption or household expenditures are preferable to earnings or wages as a measure of economic well-being for at least two reasons. First, if households smooth their consumption over time the link between latent household economic well-being and earnings or wages is weaker than that between latent household economic well-being and consumption expenditures. Second, consumption expenditures are likely to be more accurately measured than earnings or income (Appleton 2002) . This is especially the case for our sample which consists purely of rural households, most of which have agricultural production as their main and often only income source.
The average of the log of per adult equivalent expenditure is around 13.8 for both the individual and the household samples. This is approximately equal to 985,000 Cedis per adult equivalent.
15 For comparison, previous work on poverty in Ghana using the same data set employ two poverty lines: An upper line at 900,000 cedis and a lower at 700,000 cedis (Canagarajah and Pörtner 2003) . Consuming above the upper poverty line means that one is able to meet one's nutritional requirements and basic non-food needs. The lower poverty line is the level at which an individual is not able to meet his minimum nutrition requirements, even if he allocates his entire budget to food.
We consider a person literate if he can read a letter in either English or a Ghanaian language, while he is considered numerate if he answers yes to being able to do written calculations.
16 Both the ability to read a letter and do written calculations are self-reported, although if the respondent was not present during the interview the main respondent is asked to supply the information. Of the individuals in the base sample 41 percent report that they can read a letter in either English or a Ghanaian language, while 45 percent can do written calculations. The distribution of literacy and numeracy by education levels and program participation is discussed below.
Slightly more than half of the individuals are female and, as expected given the population growth in Ghana, relatively young. To ease interpretation, we use four age groupings for individuals: 18 to 29, 30 to 44, 45 to 59 and 60 to 99. These age groups roughly correspond to young adults, prime age adults, middle-aged and older and constitute 33, 31, 20 and 16 percent of the sample, respectively. More than half (53 percent) of all adults in the sample have not completed any education, while 12 percent have completed primary school, 29 percent middle school and six percent a post middle school education.
Just over thirty percent lives in households that own land, while around ten percent are in non-agricultural households, which are households that report no agricultural production at all. The remainder hence lives in households where the only land available is rented land. The three household level education variables measure the percentage of individuals within a household that have completed a given level of education. The distribution is approximately the same as for individual education and varies little whether one looks at broadly similar to the results for the adult-equivalent consumption measure.
15 Note that in 2007 Ghana redenominated its currency with 10,000 old cedis equal to 1 new cedis. All values here are given in old cedis (which are called second cedi).
16 The relevant questions in GLSS are "Can (NAME) read a letter in English?" and "In what Ghanaian language can (NAME) read a letter?". The former is answered yes/no, while the latter includes the option "None". Numeracy is based on the question: "Can (NAME) do written calculations?". the sample of individuals or the household sample. It is worth noting that in just over half of all households, none of the adults have completed any formal education. In the individual sample households consist of on average just over five persons of which 2.6 are adults, while in the household sample the corresponding numbers are 4.4 and just over two.
17 For the household sample age is defined as average age of the adults in the households and split into six groups: 18 to 29, 30 to 34, 35 to 39, 40 to 49, 50 to 59 and 60 to 99. These groups are of approximately the same size.
We use as instruments the exposure to the literacy program in the community interacted with individual and household characteristics. Exposure is defined as the length of time the program has been in the community and is capped at 15 years since the national program essentially was non-existent from 1968 until 1986 and generally believed to be of little use before 1968.
18 For the individual sample the variables interacted with exposure are female, the age groups, ownership of land, non-farming household, the levels of education in the household in percent, household size and number of adults in the household. For the household sample the same set is used except that there is no female dummy and that the household average age groups are used instead of individual age groups.
What is important for the performance of the instruments is the role exposure plays in the decision to participate. One can think of two opposite effects of increasing exposure: One where the return to participation is known and one where it is not. First, the longer the program has been in an area the more likely it is that those individuals with higher expected net returns will have participated. In practice, even with a higher expected return than other individuals, there are likely factors preventing at least some of the high net return individuals from participating right away.
19 If this is the case, one would expect increasing exposure to lead to a divergence in the proportion who have participated between those types of individuals with a high expected net return and those with a lower expected net return. The second possible effect arises from people learning about the return to participation over time. Even provided the program has a positive return, we would expect the most risk averse (and/or credit constrained) individuals to postpone participation until more and better information is available about the effect of participation. In this case the expected result is a convergence in participation over time.
No matter which of these effects dominate, the important point is whether the interactions between exposure and characteristics capture differences in the likelihood of participation for each of these groups. We will discuss this in detail below when we present the results. Furthermore, while we would expect age and the other variables to have a direct effect on outcomes it is unlikely that the interactions of these variables with exposure should have 17 A possible concern with including variables reflecting household characteristics is that some individuals might have participated in an adult literacy program before joining the households. Hence, those variables could in principle be influenced by the participation decision and subsequent outcomes rather than the other way around. This could, for example, happen if a person who has learned to read through an adult literacy program is a more attractive partner than somebody with the same characteristics who has not. As we show below it appears that relatively few individuals are very young when they participated in the program making these issues less of a concern.
18 The relevant questions in the community questionnaire are: "Is there, or has there been, an adult literacy program in this community?" and "In what year was this program launched?"
19 This can, for example, be the case if there are not enough space to accommodate all interested participants when they first apply to participate. a direct effect on outcomes once we control for observable and unobservable community characteristics through fixed effects and the direct effect of the individual and household characteristics. This is the case even if exposure works mainly through learning about the return to participation. Consider as an example the difference in participation of men and women. If women are more risk averse and/or otherwise constrained that should clearly have an effect on their average consumption, but once we control for being a woman the interaction between being a woman and exposure should not have an impact on consumption except through participation in the adult literacy program.
Descriptive Analysis
This section provides a more detailed look at the descriptive statistics for program participation, literacy, numeracy and welfare. It first looks at participation, literacy and numeracy and then at welfare. Table 3 shows participation rates by completed education level and literacy and numeracy rates for participants and non-participants, also by level of completed education. Not surprisingly, participation rates decrease with level of education. Of those who have not completed primary school 17 percent have attended an adult literacy program, while just over ten percent of adults who have completed primary school have. For those with middle school and those with more than middle school the participation rates are 3.6 and 1.5 percent, respectively. 20 The differences in participation rates across education levels do not reflect differences in access to an adult literacy program. Around 80 percent of all adults in the sample have access to an adult literacy program in their community and there appears to be little difference in access rate by education level. 20 The low participation rates for the two highest education levels mean that the sample of participants from these groups consists of only 75 adults (69 for middle and 6 for post middle).
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21 The possible exception is among those with post middle education where just over 71 percent currently have access.
For all education levels participants in adult literacy programs generally have higher literacy and numeracy rates than those who have not participated. It is clear, however, that even among participants the literacy and numeracy rates are still low. For those without education only around 15 percent of adults who have participated in a program can read and do written calculations, compared to three percent literate and six percent numerate among non-participants. Among adults who have completed primary school, literacy increases from 48 percent without participation to 57 with participation, while numeracy appears to decline from 67 percent to 61 percent. Only for graduates of middle school and above do literacy and numeracy rates approach 100 percent and even then there are more than seven percent of those who have graduated from middle school who report being unable to read a letter in either English or a Ghanaian language.
We can learn three important things from these results. First, it appears that the adult literacy programs in Ghana do poorly in terms of teaching people literacy and numeracy, although the efficiency rates are in line with those discussed in Abadzi (2003) . Secondly, that the literacy and numeracy rates are so low even after six years of education indicates that the quality of the rural primary schools in Ghana is indeed low. Finally, it appears that overestimation of respondents' ability to read and do math is not a serious issue. The latter is important since there is often a perception that self-reporting of literacy will lead to too high literacy rates. Ortega and Rodriguez (2008) , for example, argue that semiliterate persons might claim that they are literate after participation in a "Misión Robinson" course. It is, however, also possible that participation in an adult literacy program will lead to participants learning that they really cannot read.
A noticeable feature of the data is that a substantial number of people report having participated in an adult literacy program, but live in communities without a program. Not surprisingly the participation rate is generally larger in areas with a program, although the differences are not as substantial as one might expect: The largest differences is for individuals without any completed education, where the participation rate is about 19 percent in areas with a program and 12 percent in communities without. The differences in literacy and numeracy rates among non-participants in communities with and without an adult literacy program are small, with literacy rates lower among those who live in areas without a program. There are, however, substantial differences between participants who live in communities with an adult literacy program and participants in communities without a program. What is particularly interesting is that the literacy and numeracy rates are higher in communities without a program. For participants with no completed education the literacy rates are 17.7 and 14.3 percent in communities without and with a program, respectively. Especially striking are the corresponding rates for those who have completed primary school, where the literacy rate for participants in communities without a program is 81.8 percent while it is only 52.8 percent among participants in communities with a program.
The high participation rate and the higher literacy and numeracy rates among individuals who state they have participated in an adult literacy program, yet live in communities where a program is not available are important since they influence the strength of our instrumental variable estimation strategy. As discussed above, we include community fixed effects to control for endogenous program placement. Then to account for unobservable individual characteristics that may influence both the decision to participate and the outcomes we rely on the length of exposure to the program interacted with observable characteristics to in-strument for participation. This means that our instruments, once we control for community fixed effects, will have no explanatory power for individuals in areas without an adult literacy program since exposure is zero. Given that the effect of participation is only identified for those affected by the instruments, our instrumental variable estimations essentially ignore anybody living in an community without an adult literacy program, which includes the subgroup of participants who have higher literacy and numeracy rates than other participants. We will discuss this further in Section 5. Table 4 shows levels of consumption and associated statistics by participation and education using the household sample. In addition to the complete sample, households are divided into four exclusive groups by the highest education level among its adult members. Hence, say, the "Middle" households all have at least one member who has completed Middle school and no members that have completed an education level higher than that. Within each group the statistics are presented for both those households that have had no members participate in an adult literacy program, those that have had members participate and the two categories combined.
Welfare
As expected, consumption increases with the level of highest education within the household, although the differences might not seem large. While the difference in mean consumption between households where no adults have completed any level of schooling and those where at least one adult has completed a post middle education is 26 percent, the differences between the no education group and the middle and primary groups are only 7.3 and 5.0 percent, respectively. Furthermore, even if we, in general, measure consumption more precisely than income there is still potential for measurement error. In the case of subsistence households, who may barter for the part of their consumption which they do not produce themselves, we impute expenditures, which obviously introduce the possibility of errors. This may explain the very low values for the minimum observation expenditures in Table 4 , which are substantially below the lower poverty line, even for the better educated households.
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What is mainly of interest here are the differences between households with adults who have participated in a literacy program and those without. The only group where average consumption is higher among participants than non-participants is the no education group, where there is almost a 19 percent difference. For everybody else, the participant households have substantially lower consumption than the non-participant households; participant middle education households have an average consumption which is more than twenty percent lower than non-participant households.
23 Note that it is difficult to say anything about the causal impact of participating in an adult literacy program on household consumption from these numbers. It is possible that the participant households would have done even worse in the absence of participation or that there are substantial differences in area characteristics that influence consumption. To investigate these possibilities further Table 5 presents the statistics from Table 4 stratified by adult literacy program availability, participation status and education group. Two interesting findings emerge. First, communities with adult literacy programs generally appear to be poorer than those without. This holds whether we compare non-participant households across communities with and without literacy programs or compare participants and non-participants combined across communities. One interpretation of this is that less developed communities are more likely recipients of adult literacy programs than more developed ones. This underscores the potential importance of unobservable community characteristics that affect the placement of programs even after the level of development or the schooling level of the community are taken into account.
A second important finding is that for all but the post middle education group participant households that live in communities without an adult literacy program have substantially higher average consumption than participant households that live in areas with an adult literacy program. The differences are 46, 64 and 32 percent for the no education, primary and middle school groups, respectively. Furthermore, these households constitute more than sixteen percent of all the households that have adult members who have participated in an adult literacy program. As discussed above our instrumental variable estimations essentially ignore this subgroup of participants who appears to do very well compared to other participants.
With the substantial number of individuals who have participated in an adult literacy program, yet live in a community where no program is available, and these participants' overall higher welfare it is worthwhile examining possible explanations for how and why they came to participate. The most obvious explanation is that people travel to neighbouring communities to participate when one is not available in their own community. Second, individuals who have participated somewhere else could migrate in search of better opportunities. Finally, the community questionnaire could have mis-coded the presence of an adult literacy program. Starting with the latter it is difficult to imagine why there would be a correlation between how wealthy a community is and coding errors in the community questionnaire; nonetheless, there are three communities in which eight households (out of twenty) have participanted, but where the community questionnaire does not show an adult literacy program. This is, of course, also a possible outcome if individuals travel to nearby communities to participate. Unfortunately there is no information in the GLSS 4 about neighbouring communities or where or when somebody participated in a program, which means that we cannot determine the extent to which this has taken place. We are in a better position to examine migration.
24 While the non-participants are similar with respect to migration, fewer participants in areas without a program are born in their current place of residence than participants in areas with a program. Furthermore, substantially fewer have always lived in the village or town they are currently living in and are more likely to have moved away from their current residence for a year or more. Hence, we cannot rule out that the better performance of the participants in communities without a program is due to a combination of both participation in neighbouring communities and selective migration. For both possible explanations it is, however, the case that these participants might be more motivated, which could explain why these participants do better on average both in terms of the consumption of their households and their skill levels as discussed above.
Welfare Effects of Participation
The descriptive analyses indicate that while there is only a small effect of attending an adult literacy program on literacy and numeracy the effect on welfare is sizeable. The problem with the cross-tabulations is that they do not take account of the problems of potential endogenous program placement and self-selection into participation and may therefore be biased. Hence, this section presents estimates of the effects of participation on welfare, which is the main outcome of interest. We first present the results with community fixed effects and compare them to the OLS estimates. This is followed by a reduced form analysis and finally by the instrumental variables community fixed effects results. Tables 6 and 7 show the results for the community fixed effects models for the individual and household samples, respectively. When using the full samples the estimated effect of participation in an adult literacy program is equivalent to a more than five percent increase in consumption for both the individual level and household level estimations. Furthermore, this effect is statistically significant for both samples. It is, however, likely that this overall effect masks substantial differences in the effect of participation across different types of households. Hence, as for the descriptive statistics in Tables 4 and 5 , we divide the samples into groups depending on the highest education level completed by an adult in the household. The idea behind this is that the marginal effect of participation should be stronger if the human capital level of the household is lower.
The most interesting results are the estimates for the households without completed education. They show an increase in consumption of more than ten percent for the individual level estimation and almost fourteen percent for the household level estimation and both estimates are strongly statistically significant. This effect is substantial, especially considering that most of the literature has found modest or no effect of literacy programs. It is worth keeping in mind, however, that the Ghanaian literacy programs take substantially longer to complete than most and teaches other topics than literacy as detailed in the Introduction. A more suitable comparison might therefore be the return to education in Ghana, which Canagarajah and Thomas (1997) found to be between four and six percent per year of schooling completed. Given the length of the program and the effort required by participants these returns are comparable.
The effect of participation is substantially lower for the other groups and declines with increasing levels of completed education. For primary education households the estimated effect of participation is just over three percent, while the effect of participation for the middle education households is around two percent, although none of these effects are statistically significant. The effect for the "Post Middle" group is negative and large, although again not statistically significant. In interpreting these results it is worth keeping in mind that the samples are relatively small. This might especially be a problem for the "Primary" group since there are only 389 households in that sample but they are spread over 135 communities. Hence, it is possible that the statistically insignificance for this group is mainly due to the small sample size combined with a large number of community fixed effects.
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Comparison of the community fixed effects results with the standard OLS results provides an indication of whether endogenous program placement is a significant problem. Appendix Tables A-1 and A-2 show the equivalent results to Tables 6 and 7 except that community fixed effects are not included. The OLS results show that the estimated average effect of participation in an adult literacy program is about a ten percent increase in consumption per adult equivalent, while the OLS effect for the "No Education" group is over 20 percent. In other words, the OLS estimates are twice the size of the community fixed effects estimates. The large differences between the OLS and fixed effects estimates indicate that endogenous program placement is a real concern in this case and lead to substantial biases in the estimated effects of participation. Furthermore, it appears that programs are allocated, at least partly, based on where they would generate the highest return.
Reduced Form Results
While community fixed effects control for endogenous program placement there is still the potential issue of self-selection into participation based on unobservable characteristics that could also influence the welfare of the household. As we discuss above, finding suitable instruments is a challenge once we include community fixed effects. To provide an idea of how the instruments, exposure interacted with a set of individual and household characteristics, influence welfare Tables 8 and 9 show reduced form estimations with the instruments included instead of participation in adult literacy program. These results are shown only for the "No Education" sample for four models with an increasing number of variables included.
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For the sample of individuals the main statistically significant effects are from the interactions between exposure and being in age group 45 to 59 and household size. The effects for the other two age groups relative to the 18 to 29 age groups are substantially smaller. This seems to indicate that the effect of having an adult literacy program in the community is mainly concentrated in the middle aged group.
The results for the sample of households show a strong effect of exposure interacted with average age of adults being 40 to 49. The estimates for other average age groups interacted with exposure indicate an effect which is almost as large in size, although none of the other age groups interacted with exposure are statistically significant. Finally, note that the interaction variables are jointly statistically significant for the household level estimations but not for the individual level estimations.
Instrumental Variables Estimations
An important aspect of the instruments is their ability to explain the decision to participate. Tables 10 and 11 show the estimates for individual and household participation together with the χ 2 test statistics for all identifying instruments being jointly equal to zero. In both cases, the instrumental variables perform well for the complete sample and the "No Education" households. The best performance is for the individual sample with only "No Education" households, where the identifying instruments are jointly statistically significant at less than the one percent level, while the corresponding level for the sample of households is worse at the eight percent significance level.
The instruments perform substantially worse for the other three subgroups and are far from being statistically significant.
27 A major reason for this poor performance is likely to be the low number of observations, which is exacerbated by our use of community fixed effects which both restricts the number of available instruments and lowers the number of degrees of freedom. This highlights the trade off between controlling for endogenous program placement and controlling for self-selection into program participation when evaluating programs: The more finely we define a community the harder it becomes to find instruments that can be used to deal with unobservable characteristics that influence both participation and the outcomes of interest. As we mentioned above, the standard OLS results are twice as large as the community fixed effects results indicating that endogenous program placement may indeed be a serious concern in this case. There are, however, clearly advantages to using community fixed effects beside accounting for endogenous program placement. In our data, as in most other household surveys, there is little or no information on a number of factors, such as land quality, which may affect the decision to participate and the outcomes. To the extent that most of the variation of these variables is between villages the use of community fixed effects will help alleviate the bias from these unobserved variables. The effects of the other explanatory variables on participation is generally in line with what we would expect. Females are less likely to participate than males, although it appears that most of this effect comes from the group without any education; for those with post middle, middle school or primary education women are, in fact, more likely to participate although the effect is only statistically significant for the former. As expected, given that we measure age at the time of the survey rather than age when participating in the program, the age profile is relatively flat; it is, however, consistent with the program being in the areas for up to 15 years. The more education an individual has completed the less likely she is to participate. Neither of the variables relating to land are statistically significant.
With respect to the instruments, none of the age groups have a statistically significant effect on participation although the negative estimated effects for the two youngest groups indicate that the longer the program has been available the less age matters for whether somebody has participated, although part of that effect could come from simple age progression where those who participated early move up to another age group. The non-farming interaction with exposure is large and negative relative to the estimated direct effect on participation of being a non-farming household. The likely interpretation is not so much that non-farming households become less likely to participate the longer the program has been available, but rather that the other types of households pull further away from the non-farming ones and that the gap widens over time.
Tables 12 and 13 present the instrumental variable community fixed effects results for the effect of participation on consumption. As is clear from above, the instruments perform satisfactorily only for the complete sample and for the "No Education" group; nonetheless, the estimates for the other groups are included for completeness. Again, the most interesting results are for the "No Education" group. Using the invididual level data the estimated effect of participation increases slightly after instrumentation from 0.108 to 0.117, while the household level data shows a decrease from 0.139 to 0.085. As expected, especially given the large number of community fixed effects, the standard errors for both samples increase substantially and none of these effects are statistically significant. Hence, the point estimates still indicate a substantial effect of participation in an adult literacy program on expenditure and it does not appear that there is a large effect of unobservable individual and household characteristics on the participation decision.
In summary, there is a strong effect of participation for households where no adult has completed any level of schooling with an estimated effect of between 8.5 and 14 percent percent increase in expenditures, depending on specification. The instruments are not strong enough to produce believable results for other households than the no education households but the results from the standard community fixed effects estimations are interesting. 28 The effect of participation for households where the most educated adult has completed primary school is around 3 percent, while for households where the most educated adult has completed middle school the effect is between 1.9 to 2.4 percent. Clearly, the effects are only statistically significant for no education households, but these results show that there might be benefits to participation even for households with higher levels of human capital and in line with the standard theory of decreasing marginal return to human capital the effect of participation declines with prior level of household human capital.
What Explains the Effect on Welfare?
This section examines some of the potential pathways through which participation in adult literacy programs affect consumption and whether there are alternative explanations for the effect on welfare. Given that the strongest and most robust results are for the group of households where no adult member has finished even primary school this section focuses on this group. In addition, this group has the highest rate of participation and accounts for over one third of the total sample of households. The section first analyses the effects of participation on literacy and numeracy skills. It then investigates how participation affect business ownership, credit and sale of goods. Finally, the section discusses whether other governmental interventions might be responsible for the positive effect found.
Participation and Literacy and Numeracy
Tables 14 and 15 present the determinants of literacy and numeracy for individuals living in "No Education" households.
29 All models are linear probability models with the first column showing the results using standard OLS, the second column includes community fixed effects and the final column the community fixed effect instrumental variable results using the method described above. There is relatively little difference between the OLS and the fixed effects results for both literacy and numeracy, with the effect slightly smaller for the fixed effects estimates. According to the fixed effects estimates, participation in an adult literacy program increases the probability of being able to read by just over ten percentage points and the probability of being able to do written calculations by around seven percentage points. All of the OLS and fixed effects estimates of the effect of participation are strongly statistically significant.
While there is little difference between the OLS and the community fixed effects results using instrumental variables lead to substantial changes in the estimated effects of participation on literacy. The effect of participation on literacy becomes three times as large, at 36 percentage points, and remains statistically significant. For numeracy the point estimate remains the same as the fixed effects one, but the standard error increases dramatically making the effect far from statistically significant. One interpretation of the increase in the estimated effect on literacy is that unobserved ability is negatively correlated with participation. This could happen if the value of time for a higher ability individual was substantially Note. Robust standard errors in parentheses. Sample consists of all individuals living in households where none of the adult members have completed primary schooling. All models are linear probability models. Hence, the parameter for "Attended literacy program" shows the predicted increases in the probability of being able to read from having participated in an adult literacy program. a First stage estimated using community fixed effects logit shown in Table 10 . Predicted probability of participation used as instrument for participation in linear second stage community fixed effect model. * Statistically significant at 10%. ** Statistically significant at 5%. *** Statistically significant at 1%.
higher than for a lower ability individual or if the return to participation was expected to be relatively low. While this explanation might be seen as supported by the slight increase in welfare for the individual level estimation when instrumenting it does not explain why there is no change in the estimated effect of participation on numeracy. 30 Furthermore, given the descriptive statistics for literacy and participation in adult literacy programs it is hard to Note. Robust standard errors in parentheses. Sample consists of all individuals living in households where none of the adult members have completed primary schooling. All models are linear probability models. Hence, the parameter for "Attended literacy program" shows the predicted increases in the probability of being able to do written calculations from having participated in an adult literacy program. a First stage estimated using community fixed effects logit shown in Table 10 . Predicted probability of participation used as instrument for participation in linear second stage community fixed effect model. * Statistically significant at 10%. ** Statistically significant at 5%. *** Statistically significant at 1%.
imagine that there is sufficient bias from selection on unobservables and measurement error to explain the estimated effect. A substantial part of the problem is likely to be the instruments. Different sets of instruments make the first stage instruments perform substantially worse but do not change the estimated effect of program participation on literacy much.
31 This reinforces the point made above that using community fixed effects to control for endogenous program placement makes it more difficult to also take account of self-selection into the programs and this problem is exacerbated when analysing sub-samples, which limits the number of available instruments and observations even further. Despite these issues it seems clear that participating in an adult literacy program do have positive, albeit small, effects on literacy and numeracy. Given the large effects of participation on welfare, it seems unlikely that these effects are explained solely by the increase in literacy and/or numeracy.
32 Therefore, we now turn to the effects of participating in an adult literacy programs on other aspects that might increase household welfare.
Business Ownership, Credit and Sale of Agricultural Produce
Since the Ghanaian adult literacy programs have a substantial focus on other areas than literacy and numeracy it is worthwhile attempting to further understand how participation in a program affect the households. Income data is available in the GLSS 4 but is of substantially worse quality than the expenditure data which precludes using that to understand how literacy programs work. It is, however, possible to examine whether participation affects factors that can impact income such as whether the household owns a business, its access to and use of credit and whether it sells various goods. Table 16 presents community fixed effects lineary probability model results for the effects of participation on business ownership and various aspects of credit market participation using the household level data.
33 The outcomes examined are whether the household owns a business (not including agriculture), whether it currently has a loan, if it has had a loan anytime over the twelve months before the survey, what the source of the loan was and for what purpose the loan was taken.
A household is considered to own a business if any member of the household has worked for himself, other than on a farm or raising animals. While there is a three percent increase in the probability of someone in the household being self-employed from having participated in an adult literacy program this effect is not statistically significant. The effect of participation on whether the household owe money to someone is also positive, but again statistically insignificant and small.
For the loan source and loan purpose we use only those households that currently have a loan outstanding since there unfortunately is no information about loans that have been paid off (unless the household has a current loan). This substantially reduces the sample size; there are now only 342 households from 115 communities. For loan sources two possibilities are considered. The first is formal sources, which include state bank, private bank, cooperative, government agency, NGO, business firm or other formal. The increased likelihood of lending from a formal source after participating in a program is small at two percentage points and not statistically significant. The same is the case for having at least one loan which is not from relatives, friends or neighbours.
become too large to be believable.
32 At least that would seem to require that the returns to literacy and numeracy would be a factor ten larger than returns to schooling.
33 Community fixed effects logit results are available on request, but show marginal effects that are qualitatively similarly to the results in Table 16 . Note. Robust standard errors in parentheses. Sample consists of households where no adult member has completed primary school. A household is considered to have attended if at least one of its members has participated in an adult literacy program. All models are linear probability models with community fixed effects. Hence, the parameter for "Attended literacy program" shows the predicted increases in the probability from having participated in an adult literacy program. a At least one loan obtained from a formal institution, which include state bank, private bank, cooperative, government agency, NGO, business firm and other formal. b At least one loan obtained from a source other than relative, friend or neighbour. * Statistically significant at 10%. ** Statistically significant at 5%. *** Statistically significant at 1%.
The last three columns show whether participating in an adult literacy program has an effect on the likelihood of obtaining a loan for investment purposes, which consists of two possible uses, business expansion and agriculture.
34 Neither of these effects are statistically significant. The effect on business expansion is essentially zero, while there is a much larger effect on the likelihood of using a loan for agricultural investment. The latter increases by 4.5 percentage points and while it is not statistically significant this is hardly surprising given the low number of degrees of freedom after controlling for other characteristics and for community fixed effects.
To examine whether participation lead households to be more engaged in market activities Table 17 shows community fixed effects linear probability model results for the effects of 34 Agriculture investments include land, equipment and inputs. participation on whether the household sell various agricultural goods. The five groups of goods are livestock; grains and cash crops; roots, fruits and vegetables; other produce and processed produce.
35 For the first four the household is asked if it has sold any of the goods in the particular category during the twelve monts prior to the survey, while for the last category the question is only asked for the two weeks prior to the survey. Note. Robust standard errors in parentheses. Sample consists of households where no adult member has completed primary school. A household is considered to have attended if at least one of its members has participated in an adult literacy program. All models are linear probability models with community fixed effects. Hence, the parameter for "Attended literacy program" shows the predicted increases in the probability from having participated in an adult literacy program. For all groups of goods, except for "Processed Produce" the relevant period covered is 12 months. For "Processed Produce" only the last two weeks before the survey are covered. The largest and most statistically significant impact from participation is the increased likelihood that a household engaged in selling of goods in the livestock category (which also includes output from fishing). Households that have participated in an adult literacy program are seven percentage points more likely to have sold some type of livestock over the twelve months prior to the survey. There are also statistically significant effects of participation on the probability that a household have sold roots, fruits and vegetables and other produce over the last year, but for those two categories the effect is smaller at around a four percentage point increase. Interestingly, there is no statistically significant effect of participation on whether the household sells grain and cash crops, although the effect is still positive.
The effect on sale of processed produce is small and far from statistically significant. This is surprising given that one would expect these goods to be higher value goods and to be goods that require more investment and human capital which can be gained through participation in an adult literacy program. A possible explanation for the small, insignificant effect is that only thirteen percent of all households report selling these goods, which may be a result of the short period covered for these goods as mentioned above. It is worth noting that the share of households who sell these goods is almost twice than high among participants as among non-participants (18 vs 10 percent, respectively).
The conclusion is that there is not one factor that explains the large, positive effect of participation on household consumption. It does appear that households that have participated are more likely to be engaged in market activities, owing a business and especially getting a loan to invest in agriculture, although none of these effects are statistically significant. There are, however, significant effects on the likelihood of a household selling at least some types of agricultural good, but even here the increases are not large. Hence, as we discuss below, understanding how the adult literacy programs affect household welfare is an important area for future research.
Other Government Interventions
Clearly, given the available data it is difficult to disentangle how participating in an adult literacy program increases welfare. Part of the effect is likely through skills acquisition, although the effect appears to be too small to explain the entire increase in consumption. Furthermore, while there are positive effects of participation on factors that might be related to business and agriculture these effects are small and only statistically significant for the sale of some types of goods. This makes it more important to examine whether other government programs, interventions or other community characteristics might be responsible for the observed effect. This could, for example, be the case if other programs or interventions were rolled out at the same time and to the same areas as the adult literacy programs. Table 18 therefore shows correlation coefficients for a variety of government programs, interventions and community characteristics for the 166 communities in the base data set.
In addition to adult literacy programs the community characteristics include whether there is a motorable road close to the community, whether there is a bank, daily market, hospital, health post, family planning clinic or agricultural extension center in the community. While there are many community characteristics that are statistically significantly correlated the only characteristic that adult literacy program presence is statistically signifi- cantly correlated with is whether there is a motorable road nearby the community and even that correlation is small at 0.14. The correlation between the availability of an adult literacy program and and whether there is a bank in the community is negative and around 0.1, while the correlation with the presence of an agricultural extension program is around the same size but positive. Neither correlation is statistically significant. Hence, it is unlikely that other government programs, interventions or community characteristics are responsible for the positive effect of participation in adult literacy programs.
Conclusion
This paper examines the effect of adult literacy program participation on household consumption in Ghana. We use community fixed effects to deal with possible endogenous program placement combined with instrumental variables to account for self-selection into program participation. We find substantial, positive and statistically significant effects on consumption for households where no adult members have completed any formal education. For other households the effects are smaller and not statistically significant and become smaller the more educated the household is. Based on the results our preferred estimated effect of participation in an adult literacy program is an approximately ten percent increase in per adult equivalent consumption for no education households. For comparision Canagarajah and Thomas (1997) find that the return to education in Ghana is between four and six percent per year. Given the length of the program and the effort required by participants combined with the focus on skills directly applicable to improving participants' welfare these returns are approximately equal. Another way of looking at the effectiveness of the program is to perform a simple costbenefit analysis.
36 The average cost per participant to the government of Ghana is USD 33.40 (Oxenham 2002) . The opportunity cost of participation is based on 21 months of participation at ten hours per week with time valued at the average wage by sex of individuals who have not completed any formal schooling and who reported wage labour.
37 Benefits are the net present value of the increase in consumption from when the participants "graduate" from the program until and including age 55 using our preferred estimate of ten percent increase per year. Hence, for, say, a 30 year old participant, we use the net present value of increased consumption from age 32 up to and including age 55. To simplify and keep the results conservative we assume only one adult equivalent in the household; obviously the impacts will be greater for larger families since the results above are per adult equivalent, not only for the participant. We use two levels of pre-participation expenditure: The lower poverty line of 700,000 Cedis per year and the upper poverty line of 900,000 Cedis per year.
38 The lowest internal rate of return based on these assumptions is 9.2 percent for a 40 year old male participant who began at the lower poverty line, while the highest is close to twenty percent. These social rates of return are very respectable, especially considering that they do not include other potential benefits from participation than the impact on future productivity and the conservative nature of the assumptions.
The adult literacy programs in Ghana consist of several modules and hence determining what makes the program effective is an important topic for future research. While participants are significantly more likely to be able to read and do written calculations than non-participants, the literacy and numeracy rates for individuals without formal education after participation are not even close to those of individuals who have completed primary school (who have relatively low rates because of the poor quality of schooling). Furthermore, there are no statistically significant effects on variables such as whether the household owns a business or obtains a loan, although participants are significantly more likely to sell some types of agricultural goods. It would therefore be tempting to conclude that the modules on income generating activities are more important for the positive effect of participation than the actual literacy and numeracy skills. While this is certainly a possibility, it is also possible that some or all of the positive effect comes from some other attribute of the program, 36 The primary aim here is to illustrate the scale of benefits relative to the total cost of an adult participating in a literacy program, not to conduct a complete cost-benefit analysis, which would require data on many other outcomes besides earnings. For example, we do not include possible effects on health, fertility or the education of children. See, for example, Blunch (2006 Blunch ( , 2009 ) for a discussion of literacy's effect on these outcomes.
37 As described above most programs run three times a week with each session lasting up to three hours; adding one hour for transport lead to ten hours a week.
38 Table A-3 shows both the net benefits with a discount rate of five percent and the internal rates of returns (the discount rate at which the net present value of the benefits equal the combined costs).
such as an improvement in the participants' network, or even from the combination of attributes. Furthermore, the fact that the effects for households with more educated members are smaller than for the no education households, but still positive, seems to point towards a more standard increase in human capital rather than the income generating modules, especially since one might expect these to be complementary to household human capital. It is, however, clear that it is not other government programs and interventions that drives the effect; there is no significant correlation between having an adult literacy program in the community and all of the other community characteristics except for whether there is a motorable road and that correlation is small.
Part of the explanation for the difficulty in determining the pathways through which program participation affects welfare, is that, in addition to literacy and numeracy, there are up to 28 themes and these can vary by area, but we only have information on participation, with no information on the provider or the timing of the program. A promising direction for future research would be to run randomized experiments with varying combinations of modules to determine which ones are most important. It is already clear, however, that, despite the disappointing results from previous literacy programs, appropriately designed adult literacy programs can be an important component in the effort to improve the livelihood of those that have not participated in the formal education system. 
A OLS Estimates and Cost-Benefit Analysis

